Abstract: A morphometric study of populations from the central-southern Apennines and Sicily of the Italian endemic Corydalis densiflora has been undertaken, based on herbarium specimens and field research. A new subspecies, C. densiflora subsp. apennina, is described from the central Apennines. It differs from C. densiflora s.str. by its more divided leaves and bracts, basal leaf with more numerous and narrower leaflets, longer middle and lateral lobes of middle and upper bracts, narrower lower petal wing, shorter inner petals and shorter upper stamen.
Introduction
The genus Corydalis DC. (Papaveraceae) consists of about 440 species distributed in Eurasia, North America and Africa (Lidén & Zetterlund 1997) . Corydalis den siflora C. Presl was described from Sicily "in nemorosis Nebrodum" (Presl & Presl 1822). The name was recently typified based on a specimen housed in PRC . This taxon was misunderstood by Italian botanists and consequently the understanding of its distribution range was usually incomplete. Fiori (1924) recorded it as C. solida var. densiflora (C. Presl) Boiss. for Trentino-Alto Adige, southern Apennines and Sicily. Pignatti (1982) treated this taxon in a note to the name C. solida, as C. solida var. densiflora, recorded for Calabria and Sicily and not confirmed in Abruzzo.
More recently, Pignatti (2017) recognized two taxa at subspecies level: C. solida (L.) Clairv. subsp. solida and C. solida subsp. densiflora (C. Presl) Hayek, but indicating erroneous distributions. Corydalis densiflora is currently recognized at species level (Lidén & Zetterlund 1997; Peruzzi & al. 2015 ; Bartolucci & al. 2018) , distinguished from C. solida by several morphological characters (Lidén & Zetterlund 1997; and pers. obs.) . It differs by compact racemes (vs loose racemes), bracts as long as wide (vs usually longer than wide), floral pedicels 3 -8(-10) mm long (vs 5 -15 mm long), outer petals narrowly winged (vs broadly winged), corolla apex obtuse to slightly emarginate (vs usually emarginate), lower petal usually without or with a small pouch at base (vs usually with a prominent pouch at base).
54 Conti & al.: Corydalis densiflora subsp. apennina from the Apennines Corydalis densiflora is endemic to central-southern Italy and Sicily (Peruzzi & al. 2014 (Peruzzi & al. , 2015 Bartolucci & al. 2018) , occurring in Umbria, Marche, Lazio, Abruzzo, Basilicata, Calabria, Sicily and not confirmed in Molise (Conti & al. 2005 Del Vico & al. 2014; Bartolucci & al. 2018 ). However, our preliminary observations on fresh material and the study of herbarium specimens evidenced a certain degree of morphological variability within C. densiflora, seemingly linked to geographical distribution .
Material and methods

Plant material
This study is based mainly on field surveys and an extensive analysis of relevant literature, careful examination of herbarium specimens (including the original material) in APP, BC, CAT, CLU, L, LD, MA, MPU, NAP, P, PAL, PRC and UTV (herbarium codes follow Thiers 2018+) and the personal collection of D. Uzunov (Cosenza) .
In order to investigate the variability and to clarify the systematics of Corydalis densiflora, about of 15 plants from each of five localities (two from the C Apennines, two from the S Apennines and one from Sicily) were studied. 
Data acquisition
All plants were scanned before drying, using a flat scanner with a resolution of 600 dpi. Firstly, images were acquired from all plants; secondly, the different organs were separated and scanned again with highest resolution in order to capture needed details. All measurements were made by ImageJ software (Rasband 1997 (Rasband -2016 
Statistical analyses
First, descriptive statistics (mean, median and quartiles) and graphs (box plots) were carried out. Then, our data were found to depart from normality, through the Shapiro-Wilk test (Shapiro & Wilk 1965) . To understand the similarities (and differences) between the studied populations, univariate analysis of variance (one-way ANOVA) and multivariate analysis (Principal Component Analysis [PCA] and Discriminant Analysis [DA] ) for the studied groups were carried out. Furthermore, in order to detect significant differences between their averages, the a posteri ori comparison of each pair of means was performed in ANOVA; this by Tukey's honestly significant differences (HSD) test. The PCA (Sneath & Sokal 1973; Krzanowski 1990 ) is an exploratory analysis and in this work was performed to look for the existence of potential patterns. Subsequently, to verify the a priori explicit hypothesis of populations membership, defined on the geographical (central Apennines and southern Apennines [L, V, P] vs southern Apennines and Sicily [C, M] ) and morphological basis, the DA (Fisher 1936; Klecka 1980 ) was used. These analyses were performed using SPSS version 24.0 (IBM 2016) and XLSTAT version 2017 .3 (Addinsoft 2017 . Tables 1 and 2 show the descriptive statistics and ANOVA Willdenowia 49 -2019 results respectively. Table 2 also shows the groupings based on the similarity of the means (Tukey's test, HSD) for the studied populations. Of the 46 variables analysed, 30 showed significant differences among the populations (P > 0.05). By the a posteriori test, the differentiation between the L-V-P and M-C groups, is defined by nine variables (Table 2) . Fig. 1 displays the box plot of these variables (number of leaflets of basal leaf; width of central leaflet of basal leaf; length of central lobe of middle bract; length of lateral lobe of middle bract; length of central lobe of upper bract; length of lateral lobe of upper bract; length of inner petal; length of upper stamen; width of wing of lower petal).
Results
Descriptive statistics and one-way ANOVA
Factorial analysis
The diversity resulting from PCA analysis is based on the arrangement of the first two principal components, which explain 36.91 % of the total variability (F1 = 20.20 %, F2 = 16.71 %). Scores of each specimen on the two principal components was plotted in PCA bi-plot (Fig. 2) Fig. 3 represents the observations on the factor axes 1 and 2, extracted from the original explanatory variables by DA. It shows that, in the five studied populations, the group L-V-P (central and southern Apennines) is well defined from the group M-C (southern Apennines and Sicily). The observations of the first group ( L-V-P) are in fact concentrated on the left of the graph, while the second group (M-C) is on the right; essentially, the factor (F1) contributes to this differentiation. The confusion matrices of validation are displayed in Table 4 .
Discussion
The univariate and multivariate analyses carried out with different techniques (ANOVA, and PCA and DA, respectively) enabled the identification of the existing differentiation model between the populations of central and southern Apennines (L-V-P) and southern Apennines and Sicily (M-C) and to define the variables that characterize it. From a graphical visual approach (PCA and DA graph and box plot), it is easy to observe two well-distinguished systematic groups. The greatest contribution to this diversity comes from shape of leaves and bracts and from few flower features such as length of inner petals and upper stamen and width of wing of lower petal. Noteworthy is the poor overlapping of the M and C observations, which however are far from the L-V-P group from which they differ; this aspect could be a starting point for a future investigation.
Taxonomic treatment
Corydalis densiflora subsp. apennina F. Conti, Bartolucci & Uzunov, subsp. nov. -Fig. 4 , 5, 6. Holotype: Italy, Abruzzo, Barisciano (L'Aquila), Gran Sasso, in località Piano Locce, pascoli, 1236 ; isotypes: APP nos. 50938, 50939, 50940, 50941, 50942, 50944, 50945, 50946, 50947, 50948, 51578, 51579, 51580, 51581) .
Diagnosis -Corydalis densiflora subsp. apennina differs from subsp. densiflora by its more divided leaves and bracts (Fig. 6 ), basal leaf with more numerous leaflets (20 -) 33.5(-70) vs (10 -)18.43(-29) , narrower central leaflet of the basal leaf (1.4 -)3.3(-7) mm wide vs (3.4 -) 10.1(-21.9 ) mm wide, longer middle and lateral lobes of the bracts, shorter inner petals (7 -)8.6(-10) mm long vs (8.6 -)10(-11.7) mm long, shorter upper stamen, and narrower wing of the lower petal (0.6 -) 1.3(-1.8 ) mm wide vs (1.3 -) 1.8(-2.4 ) mm wide. wide. Middle bract: central lobe (4.9-)7.9(-11.6) mm long × (0.5 -) 1.5(-2.6 ) mm wide; lateral lobe (4 -)6.7(-9.9) mm long. Flowers (13.1 -) 18.3(-22.3 ) mm long; pedicel 1 -10 mm long. Corolla whitish to pale pink with red margin; maximum width of corolla tube (3.1 -)4.1(-5.6) mm. Spur (6.9 -) 10.4(-13.5 (Bartolucci & al. 2018) has to be referred to C. densiflora subsp. apennina. Corydalis densiflora subsp. densiflora is endemic to Calabria and Sicily (Fig. 7) . Orsenigo & al. (2018) proposed to include C. densiflora at species level in the category LC.
Etymology -The subspecific epithet apennina is an adjective derived from the Apennines. 
Identification key to the subspecies of Corydalis densiflora
